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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To solve the first problem that the taper 
angle of an ordinary film thickness part becomes smaller near gray tone 
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exposure and the second problem that it is difficult to make gray tone 
Film thickness uniform, 

SOLUTION: In order to solve the first problem, the interval between 
patterns for gray tone exposure is made narrower at the center and 
wider at the peripheries. In order to solver the second problem, 
photosensitive resins different from each other in optical sensitivity are 
applied two or more times and an exposure reaction is accelerated only 
in the upper photosensitive resin. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1, This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated, 
3.1n the drawings, any words are not translated. 



EClaim(s)] 

[Claim l] In the process which faces that ultraviolet radiation performs patterning of a photopolymer, 
repeats and creates the protection -from-light section and the non- shading section which were formed 
with the dimension below the resolution of the exposure machine which performs patterning of said 
photopolymer, and creates two or more thickness of a photopolymer The part near the part which forms 
the thickness of the photopolymer usual in the part which repeats said protection-fronrlight section and 
the non-shading section is a photo mask for gray tone exposure characterized by the width of face of said 
protection-from-light section and the non-shading section being wide compared with a far part, 
[Claim 2] The ratio of non-shading **** to said protection-fronrlight **** of a part far from the part near 
the part which forms the thickness of the usual photopolymer is the same photo mask for gray tone 
exposure according to claim 1. 

[Claim 3] The photo mask for gray tone exposure which prepares the non-shading section of the 
dimension width of face below the resolution of an exposure machine in parts other than the part which 
adjoins the part which repeats said protection-from-light section and the non-shading section, and 
prepares the protection-from-light section of said dimension width efface in them in the part which forms 
the thickness of said usual photopolymer which uses a positive type photopolymer, 

[Claim 4] The photo mask for gray tone exposure which enlarges the dimension of the part which forms 
the usual photopolymer thickness which faces the part which repeats said protection-from-light section 
and the non-shading section compared with the part which does not face the part which repeats said 
protection-from-light section and the non-shading section, 

[Claim 5] Said range to enlarge is a photo mask for gray tone exposure according to claim 4 which adjoins 
the part which repeats said protection-from-light section and the non-shading section, and prepares the 
die length of the part which repeats said protection-from-light section which touches the part which forms 
the usual photopolymer thickness at least, and the non-shading section. 

[Claim 6] The method of application of the photopolymer characterized by applying a photopolymer with 
more sufficient optical sensibility than said photopolymer to said substrate side where said photopolymer 
was applied further after applying a photopolymer to the substrate with which it faced that ultraviolet 
radiation performed patterning of a photopolymer, and the processed film was formed. 
[Claim 7] The method of application of the photopolymer according to claim 6 which applies the solvent of 
a photopolymer with said sufficient optical sensibility before applying a photopolymer with more 
sufficient optical sensibility than said photopolymer to said substrate side. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the creation approach of the photo mask for gray tones of 
changing the permeability of ultraviolet radiation gradually, and the patterning approach which creates 
two or more thickness of a photopolymer by one exposure using the photo mask for gray tones. 
[0002] 

[Description of the Prior Art] In recent years, the exposure approach called gray tone exposure is put in 
practical use. By the conventional exposure approach, patterning of the processed film under it was 
carried out by one of the part which leaves a photopolymer, and the parts to remove according to the 
existence of a photopolymer. On the other hand, after gray tone exposure forms the multilayer processed 
film, in addition to the part which leaves the photopolymer conventional by one exposure, and the part to 
remove, it tends to create what made thickness of the part to leave thin, tends to carry out patterning of 
the multilayer processed film at once, and tends to reduce the count of exposure. It is carried out at the 
process which shows the patterning approach using the photo mask for gray tones below here. 
[0003] ** Spreading : apply a photopolymer, 

[0004] ** Heat and remove the solvent of the photopolymer prebaked * applied. 
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[0005] ** Exposure : perform exposure using the photo mask for gray tones. 
[0006] ** Development, a rinse : perform development and washing. 

[0007] ** Postbake : heat and remove the developer and penetrant remover which remained into the 
photopolymer. 

[0008] Consequently, the part in which the thickness which applied the photopolymer mostly remains, the 
completely removed part, and the part which left those middle thickness are created. By the pattern 
below the resolution of the exposure machine to be used, the photo mask of the part made into this middle 
thickness is constituted, is reducing the ultraviolet radiation to penetrate and is usually equalizing. 
[0009] 

[Problem(s) to be Solved by the Invention] However, when gray tone exposure was performed, there was a 
problem that the taper angles of the photopolymer section of thickness usually differed by whether that is 
right near the gray tone exposure section. As the end face of the usual thickness section which a taper 
angle is alpha as the end face of the thickness section 1 is usually shown in an A -A cross section, and does 
not face the gray tone thickness section which 1 is the thickness section, and 2 is usually the gray tone 
thickness section, and faces the gray tone thickness section 2 by drawing 6 is shown in a B"B cross section, 
a taper angle is beta and beta>alpha. For example, if the pattern which repeated the 
protection-fronr light section of the exposure machine resolution of 3 micrometers and 2 -micrometer 
width of face and the non-shading section is exposed using positive type photopolymer OFPR-5000 (Tokyo 
adaptation make), it will become alpha™ 60 degrees and beta- 40 degrees. This is reducing the 
photopolymer taper angle to the exposure section usual in the effect of diffraction near the gray tone 
exposure section. If taper angles differ, the dimension shift amount at the time of etching will change, and 
a workmanship configuration will not become as a design. Moreover, the photopolymer thickness of the 
gray tone section had the problem of varying in a substrate side. If a positive type photopolymer is taken 
for an example, and sufficient ultraviolet radiation for a photopolymer is irradiated, a soluble radical will 
be generated, and it will become alkali soluble, and will dissolve, but since the above-mentioned reaction 
is inadequate and a soluble radical will not be partially made if there are few exposures of ultraviolet 
radiation, the homogeneity of the photopolymer thickness after development worsens. If photopolymer 
thickness is not uniform with a natural thing, process tolerance will worsen. Then, this invention aims at 
offering the workmanship configuration of the usual exposure section containing the gray tone exposure 
section, and the photo mask which creates gray tone exposure section thickness to homogeneity and a 
manufacture process in view of the above-mentioned trouble. 
[0010] 

[Means for Solving the Problem] In order to attain the purpose which creates the workmanship 
configuration of the usual exposure section containing the above -mentioned gray tone exposure section to 
homogeneity In the process which repeats and creates the protection-from -light section and the 
non-shading section which were formed with the dimension below the resolution of the exposure machine 
which performs patterning of a photopolymer in the first place, and creates two or more thickness of a 
photopolymer The part near the part which forms the thickness of the photopolymer usual in the part 
which repeats said protection-from-Hght section and the non-shading section is used as the photo mask 
for gray tone exposure which makes large width of face of said protection-from-light section and the 
non-shading section compared with a far part, The ratio of non-shading **** to said protection -from dight 
**** of a part far from the part near the part which forms the thickness of the usual photopolymer in the 
second is used as the same photo mask for gray tone exposure, In the part which forms the thickness of 
said usual photopolymer which uses a positive type photopolymer for the third It considers as the photo 
mask for gray tone exposure which prepares the non-shading section of the dimension width of face below 
the resolution of an exposure machine in parts other than the part which adjoins the part which repeats 
said protection-from-light section and the non~shading section, and prepares the protection -from "light 
section of said dimension width of face in them, It considers as the photo mask for gray tone exposure 
which enlarges the dimension of the part which forms the usual photopolymer thickness which faces the 
part which repeats said protection -from dight section and the non-shading section to the fourth compared 
with the part which does not face the part which repeats said protection-from-light section and the 
non-shading section, Furthermore, said range to enlarge is considering as the photo mask for gray tone 
exposure which adjoins the part which repeats said protection-from-light section and the non-shading 
section, and prepares the die length of the part which repeats said protection-from-light section which 
touches the part which forms the usual photopolymer thickness at least } and the non-shading section, 
moreover, in order to attain the purpose which creates gray tone exposure section thickness to 
homogeneity After applying a photopolymer to the substrate with which the processed film was formed in 
the first place, a photopolymer with more sufficient optical sensibility than said photopolymer is applied 
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to said substrate side where said photopolymer was applied further, Before applying a photopolymer with 
more sufficient optical sensibility than said photopolymer to the second, it is applying the solvent of a 
photopolymer with said sufficient optical sensibility. 
[0011] 

[Embodiment of the Invention] (Gestalt 1 of operation) Below, a drawing is used and the example of this 
invention is explained. Drawing 1 is drawing explaining the pattern of the photo mask for gray tone 
exposure of the example of this invention. In order to form the gray tone thickness section 2 with 
thickness thinner than the usual thickness section 1 of a photopolymer by drawing 1 f the 
protection-from-hght section 3 and the non-shading section 4 of dimension width of face below the 
resolution of the exposure machine to be used are repeated. The exposure machine resolution used here 
set width of face 1 of the protectiomfronr light section 3 near the center section of 3 micrometers and the 
gray tone thickness section 2, and the non w shading section 4 to 1 micrometer, and it made 0.5 
micrometers of those width of face width of face of L= 2.5 micrometers in the increase of every and the 
part usually near the thickness section 1 as it went on the outskirts (usually thickness section l). It was 
55 degrees, when 2000A of Ti was formed upwards to the glass substrate, positive type photopolymer 
OFPR-5000 [ L2-micrometer ] were applied, exposure and SEM photography after development were 
performed and the taper angle of an A-A cross section was measured, 

[0012] It is better not to cause the rate of surface ratio of the protection-from-light section 3 and the 
non-shading section 4 which adjoins here around the center of the gray tone thickness section, but to 
make it regularity. If the rate of surface ratio changes with locations, gray tone thickness will change and 
surface smoothness will be spoiled. Therefore, it is usually indispensable to make the same the ratio of 
the width of face of the protection *fronr light section 3 and the non-shading section 4 irrespective of the 
distance to the thickness section 1. 

[0013] (Gestalt 2 of operation) Drawing 2 is drawing explaining the pattern of the photo mask for gray 
tone exposure which are other examples of this invention. The nonwshading section 4 below exposure 
machine resolution is usually formed in the perimeter of the thickness section 1 by drawing 2 , and 
patterning of the protection-from-light section 3 has been carried out to the periphery In this example, 
the non-shading section of 1-micrometer width of face and the protection-from-light section of 
1-micrometer width of face are prepared. Consequently, the taper angle of the periphery of the thickness 
section 1 usually became almost the same also including the part which adjoined the gray tone thickness 
section 2, 

[0014] (Gestalt 3 of operation) Drawing 3 is drawing explaining the pattern of the photo mask for gray 
tone exposure which is the example of farther others of this invention. Drawing 3 enlarges the design 
dimension of the usual thickness section 1 of the periphery of the gray tone thickness section 2, Although 
the continuous line has shown as a design dimension 5 conventionally, since the taper angle of the 
thickness section 1 usually becomes small, the dimension shift amount after etching processing becomes 
large, and becomes smaller than a design dimension around the gray tone thickness section 2. Therefore, 
the taper angle of the thickness section 1 needs to enlarge a design dimension in the range which becomes 
small, and the broken line has usually shown it as a design dimension 6. 

[0015] In addition, since it has the effect of gray tone exposure on the usual thickness section 1 of the field 
of that adjoining die-length m at least when the die length which adjoins the usual thickness section 1 of 
the gray tone thickness section 2 is m, a design dimension is enlarged in this range. 
[0016] (Gestalt 4 of operation) Drawing 4 carries out multiple-times spreading of the photopolymer of the 
example of this invention, and shows how to equalize gray tone exposure thickness. Drawing 4 (a) applies 
6000A (optical sensibility 80 mJ/cm2) of positive type photopolymers to the glass substrate 7 with which 
SiN was formed as processed film 1 and it formed 1500A of a-Si as 3000A and processed film 2 by the spin 
coater as 1st photopolymer film 8. Drawing 4 (b) applies 6000A (optical sensibility 40 mJ/cin2) of positive 
type photopolymers by the spin coater as 2nd photopolymer film 9 on the 1st photopolymer film 8, 
Drawing 4 (c) shows the cross-section configuration of the photopolymer after using and developing 
[ expose and ] the photo mask 10 for gray tones. The homogeneity of gray tone section thickness became 
good by the photopolymer thickness corresponding to the gray tone section 11 adjusting light exposure, 
and considering as the thickness of the 1st photopolymer film 8 exactly If ultraviolet radiation for the 
non-shading section 12 with this sufficient is irradiated, since ultraviolet radiation will reach to the 
bottom of the 1st photopolymer film 8 and an alkali fusibility radical will be generated, ail photopolymer 
film is removed. However, in the gray tone section 11, in order that there may also be an operation of the 
diffracted light and the quantity of light may decline, even the 1st photopolymer film is not reached. 
Especially, if the optical sensibility of the 2nd photopolymer film is better than the optical sensibility of 
the 1st photopolymer film, a clear difference will arise in generation of an alkali fusibility radical 
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Therefore, only the 1st photopolymer film remains and it will become uniform as gray tone thickness. 
[0017] However, in order to apply a photopolymer directly [ multiple "times ] 7 there is a problem of 
wettability and spreading of the 2nd photopolymer film is difficult. Drawing 5 is an approach for a 
wettability improvement, and applies the 1st photopolymer film of optical sensibility 80 mJ/cm2 to the 
glass substrate which formed SiN and a- Si. Next, the solvent of the 2nd photopolymer film which is 
optical sensibility 40 mJ/cm2 is applied, and the 2nd photopolymer film is applied after that. Next, 
prebaking, gray tone exposure, development, and a rinse are performed, and uniform gray tone thickness 
is created. 
[0018] 

[Effect of the Invention] According to this invention, the usual thickness section in gray tone exposure 
also serves as a uniform configuration as mentioned above the pattern of the gray tone section, or by 
usually devising the periphery pattern of the thickness section. Moreover, by using together the 
photopolymer with which optical sensibility differs, a clear photopolymer thickness difference can be 
produced in gray tone exposure, and uniform gray tone thickness can be obtained. Consequently while 
stable processing is realizable, reduction of photo masks can be attained, and it is useful to process cost 
reduction, and very useful on industry In addition, if this invention is used, since it will be useful also to 
development of the liquid crystal product which is the effectiveness and the energy -saving device of 
saving- resources -izing, such as reduction of photo masks, it will be kind to earth environment and the 
space environment. 

[Brief Description of the Drawings] 

[Drawing l] Drawing showing the pattern which realizes gray tone exposure of the gestalt of operation of 
this invention 

[Drawing 2] Drawing showing the pattern which realizes gray tone exposure of the gestalt of other 
operations of this invention 

[Drawing 3] Drawing showing the pattern which realizes gray tone exposure of the gestalt of other 
operations of this invention 

[Drawing 4] Drawing showing the gestalt of the operation which makes gray tone thickness of this 
invention homogeneity 

[Drawing 51 Drawing showing the flow of the gestalt of other operations which make gray tone thickness 
of this invention homogeneity 

[Drawing 6] Drawing showing the pattern which realizes the conventional gray tone exposure 
[Brief Description of Notations] 

1 Usually Thickness Section 

2 Gray Tone Thickness Section 

3 Protection-from^Light Section 

4 Non^Shading Section 

5 The Conventional Design Dimension 

6 Design Dimension 

8 1st Photopolymer Film 

9 2nd Photopolymer Film 
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